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The section is worth 20%. This section is mandatory. There are no choices.  
 
A1 A local company has been contracted to build a milk container to be carried on trucks. You are asked to select a 
suitable material for it. The volume of the milk container is about 20,000 litres (assume milk has nearly the same density as 
water – 1Mg.m-3). Milk in the container is normally kept around 4oC. Most of the time the truck travels at the speed of about 
130km/hour on some rough road surfaces. The container should have a life of about 25 years. The container may be 
subjected to accidental damage from falling objects and people. The tanker is about 10 m in length, 4 m high and 2.5m wide. 
The thickness of the vessel is 5mm. In your analysis for the selection of a suitable material based on properties, please 
consider the ability to be fabricated and repaired, any corrosion protection, safety factors and recyclability of the container 
material. Explain the reasons for your selection. You may want to consider some of the materials listed below in Table 1. 
Table 1 Properties of a few common engineering materials 
Material Density (Mg/m3) E (GPa) Strength 
(MNm-2) 
Kc(MPa√m) 
Mild Steel 7.8 200 220 (σy) 140 
CFRP 1.9 390 670(σTS) 38 
Austenitic Stainless Steel 7.8 200 380(σy) 280 
GFRP 2.55 72 250(σTS) 40 
Aluminium alloy 2.7 69 400 (σy) 43 
Titanium alloy 4.5 120 600 (σy) 85 
Polyvinyl Chloride 1.4 0.5 46(σy) 3.6 
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Section B 
This section is worth 80%. Answer any 5 of the 7 questions. Each question is worth 16 marks.  In each question, part A is 




A. Explain what is ductility and how is it important in engineering design. 
 
B. Explain briefly what is meant by a dislocation and why the strengths of metals are lower than the ideal 
strengths. Show with diagrams as to how the motion of an edge dislocation can lead to plastic deformation of a 




A. A typical grinding wheel is 230mm in diameter and is 25mm thick and weighs 3 kg. The wheel contains SiC 
(silicon carbide, density 3.2g/cm3) bonded by silica glass (density 2.5g/cm3); 5 vol% of the wheel is porous. 
Calculate the volume fraction of SiC particles in the wheel.  
. 
B. A cylindrical specimen of steel 10mm in diameter is stressed elastically in tension. A force of 31,000N produces 
a reduction in specimen diameter of 7x10-3mm. Compute Poisson’s ratio for this material if its elastic modulus is 
200GPa. If the same material has a percentage elongation, at final fracture, of 20%, what is the percentage 
reduction in area at this strain? Note: Poisson’s ratio applies only in the elastic region. 
 
 Question B3 
 
A. A large tower is to be supported by a series of wires; it is estimated that the load on each wire will be 
13,300N. Determine the minimum wire diameter required, assuming a factor of safety of 2, and a yield 
strength of 860MPa for the steel. Explain the importance of safety factor in design. 
 
B. Draw a schematic diagram to show a tensile test curve for a ductile metal and mark the following on the 
diagram: 
• Plastic region 
• 0.1% proof strength 
• Tensile strength 
• Plastic strain at fracture 
• Elastic strain at fracture 
• Plastic energy at fracture 
• Young’s Modulus 
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Question B4 
A. What is fracture toughness? Describe its importance to the presence of defects and fast fracture with suitable 
examples. 
 
B. A cylindrical pressure vessel in an ammonia plant was 7m long, had an internal diameter of 1m and had a wall 
thickness of 62mm. The vessel was subjected to an internal pressure of 35.3MPa.  
 
After 16 years in service the vessel exploded into a large number of fragments. Semicircular “thumbnail” 
cracks typically 6mm deep, were found at the inner surface of the vessel; they had initiated at the edges of a 
series of fillet welds used to attach internal fittings to the vessel wall (Y=1.12x0.64). The gas in the vessel 
contained 58% hydrogen and cracks were blamed on hydrogen cracking. Tests on samples of the steel gave a 
value of Kc of about 40MNm-3/2. You should assume that there is a residual tensile stress of 100MPa at the 
welds in addition to the hoop stress. 
a. Account for the failure using fracture mechanics. 
b. Describe how tensile residual stress develops in welds. 




A. Plain carbon steel immersed in sea water has a uniform corrosion rate expressed as 0.127 mm per year. The 
density of iron is 7.87Mg/m3. The atomic weight of Fe is 55.8 g/mol. 
i. Calculate the weight loss per year per unit area 
ii. Calculate the corresponding minimum corrosion current per unit area needed to stop corrosion in 
assuming iron corrodes as Fe   ----→ Fe+2 + 2e 
 
B. Answer all of the following questions 
 
i. Describe a simple test you will perform to ascertain the corrosion rate of materials? Derive an 
expression for the corrosion rate of materials. 
ii. What is the electrochemical principle in cathodic protection? 
iii. What are Pourbaix diagrams and how are they used in corrosion protection of metals? 




A. Fig.1 (a&b) shows the scanning electron micrographs of the fracture surfaces of two different materials when 
subjected to a tensile test. Explain how the features of the fracture surfaces were produced in the materials. 
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Fig.1 (a&b) Electron micrograph of two different materials subjected tensile test 
Ref: M F Ashby & D RH Jones Engineering Materials 1, Fourth edition, Elsevier, 2012 
 
B. Vibrating screens are widely used in the mining industry for sizing, feeding and washing crushed mineral 
particles. A typical screen consists of a box fabricated from structural steel plate which contains a mesh 
screen. During operation the box is shaken backward and forward at a frequency of 20 Hz. Although the major 
parts are fixed together using bolts or rivets, individual sub-assemblies such as a side of the box frequently 
have welded joints, particularly where frame stiffeners or gussets are added. Owing to the inertial forces 
generated by the rapid shaking, the stresses in the unit can be significant and the fatigue of the welded 
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connections has to be considered carefully.  
The side of one box consists of a relatively thin plate which is stiffened with triangular gussets, is as shown in 
Fig. 2. Strain gauges attached to the plate during operation show that the maximum principal stress range in 
the plate near the end of the gusset is 8MNm-2.  
 
Given the screen is expected to work for 12 hours per day and 6 days per week, estimate the time in years 
that it will take for there to be 50% chance of crack forming in the plate at the end of the gusset. Use the weld 
classes given in Fig.3 and the fatigue strength curves given in Fig.4. 
 
 
Fig2 Weld details of the gusset 
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Fig.3 Standard weld classes 
 
Fig.4 Fatigue strengths of the standard weld classes for structural steel – curves for 97.7% survival 
Ref: M F Ashby & D RH Jones Engineering Materials 1, Fourth edition, Elsevier, 2012. 
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A. Discuss the process of climb when dislocation creep occurs in metals. 
 
B. Answer all the following questions. 
a) Describe the material design process for making Nickel-based super-alloys used to produce gas turbine 
blades. 
 
b) Why are directionally solidified and single-crystal blades better than conventional investment cast 
blades? 
 
c) Why are some materials such as aluminium and high Ni steels used for cryogenic applications? Why 
are plain carbon steels not used in cryogenic applications?  
 
d) Structural steelwork in high-rise buildings is generally protected against thick coating of refractory 
material even though a fire would not melt the steel. Explain.? 
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